Supplementary Figure 1. Definition of structural variations in CREST analysis. A) Inter-
chromosomal translocation (CTX) has two breakpoints located on two different chromosomes
(represented in red and blue). A balanced translocation generates two products with reciprocal
pattern of translocation while an unbalanced translocation only shows one product. B-D) Intra-
chromosomal structural variations where the two breakpoints are located on the same
chromosome. The reference genome representing the wild-type is shown at the top while the
altered genome found in a sample is shown at the bottom. B) Inversion (INV) has reciprocal join
in opposite orientations. C) Intra-chromosome translocation (ITX) has unilateral join in opposite
orientation. D) Deletion (DEL) has two breakpoints joined in ascending order of genomic
coordinates in the same orientation. E) Insertion (INS) has two breakpoints joined in descending
order of genomic coordinates in the same orientation.
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Supplementary Figure 2. Process flow of CREST. The objects in yellow are optional.
Specifically, yellow parallelogram, yellow rectangle and yellow box represent optional input,
process and output files respectively. Removal of germline soft-clipping events is an optional
process triggered only when the input consists of two paired bam files. Three report files are
generated including one XML file for manual review. Supplementary Figure 5 shows an example
of XML file. A user may decide to remove a SV if it is found by low-complexity soft-clipped
reads as the majority of false positive SVs appear to be in regions of low-complexity based on
our experimental validation results.




Supplementary Figure 3 Validation of 20 putative SVs detected only by CREST but not
reported previously® in the melanoma cancer cell line COLO-829. (a) PCR amplification of the
20 SVs (lane 1-20) and 2 SVs identified by Pleasance et al, lane 21 and 22. PCR products of the
expected size were not generated for only two of the analyzed SV (lanes 1 and 13). The arrows
point to the SVs listed in (b) to (e). (b) An INS SV on chromosome 7 resulting from a tandem
duplication of 9,032bp. The arrows define the exact breakpoints while the 4 bases between the
two arrows are non-template sequence inserted in the re-arrangement. (c) A 737,547bp deletion
on chromosome X with a 15bp of non-template sequence. (d) A CTX between chromosomes 7
and 15. (e) An inter-chromosomal insertion revealed by combining a novel SV (right, connected
with thick line) with a known SV (left, connected with thin line). The Sanger sequencing data
that confirm the novel SV is shown at the right.
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Supplementary Figure 4 Sanger sequencing data for the 18 validated novel SVs in COLO-829
cell line
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Supplementary Figure 5 Alignment of next-gen reads in both tumor (top panel) and normal
(bottom panel) of cell line COLO-829 at deletion spanning chr6:51307435-51308086 reported
by Pleasance et al. The center of the alignment is indicated by an arrow. The “+” or “-* sign at
the beginning indicates the sequence alignment orientation for each read. Mismatches or indels
to the reference genome are shown in brown. Soft-clipping reads are displayed in two segments:
the segment that matches the reference genome is shown in black and bold letters while the soft-
clipping segment is shown in blue and italic letters. Low-quality bases (<20 phred score) are
shown in lower case and in gray if they match the reference genome. A) Alignment centered at
the first breakpoint chr6: 1307435. The soft-clipping segments found in both tumor and normal
match the sequence at the second breakpoint. B) Alignment centered at the second breakpoint
chr6:51308086. The soft-clipping segments found in both tumor and normal match the sequence
at the first breakpoint indicating that the SV is of germline origin.
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Supplementary Figure 6 Alignment of next-gen reads in both tumor (top panel) and normal
(bottom panel) of cell line COLO-829 at deletion spanning chr14:48401118-48403688 reported
by Pleasance et al. A) Alignment centered at the first breakpoint chr14:48401118. B) Alignment
centered at the second breakpoint chr14:48403688.
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Supplementary Figure 7 Alignment of next-gen reads in both tumor (top panel) and normal
(bottom panel) of cell line COLO-829 at deletion spanning chr14:33583777-33584588 reported
by Pleasance et al. The deletion was also found in doSNP (rs72415809). A) Alignment centered
at the first breakpoint chr14:33583777. B) Alignment centered at the second breakpoint
chr14:33584588
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- A A ALY o= TG0 - B - AR T GA T ST AL A TAC T CAGARA A TETGA AT T TAACAATCACTA

- Ao B CTCRAGCSTGAR GATCETCACAT T CA R GATETTRACAN e GACTACCTCTRASTEA LA

- TCTAASTCATAGAATTAT

- TCTRAGTEATACRATTATS

- TCTARSTEATAGAATTATCAT

TCTAAGTGATAGAATTATEA

- PEAPCCTCACA TACTPCCAGARAPCTGRACATCTTAR
- TCETCAL - TACTTCCAGRAR TETS - GATET T A A TEACT:

- AC-A5 - ATCTTA CACASTACATESCTCAS  GTGAATCATCSTCAL - TACTTCCASANA PETGACA TETTAACA
- T achCRatAchooqCeCaBltaa 2 tBa tCrtCACATAC -t 0 Ra RARTETEAOCHODGARATATTEETT
1- AT T TAS A AC T AT AT T T AR TEARTEAT OSTCACATACT TOC TETE TATTGETT

- C-gRE-AC- PGP -CFF = - aEATCEPCACA TACTCCAFARR PEPGARA ToT TAACAATRACTACCT normal
- CCMET- - -TEB- - A - AT - CETC CATACTTC -MEAR-TETT - -CACCEARMT . TTHETTTCATCE

- BET - ATERCT -As - - sAR-CA-CETCACATgCTTOCACARy - s TEECCA -CEARRTATTERTT ~CATCC : CAT

- aafe €T -GPEAAT o FCETCACAT- CTPCCAS- ARTEIGAA TCTTAA CAATEAC £ COTCTARST

- £-PGacac G0+ - -ga-T-GPCACAT-CTPCCA ARARE. - CACCGAAATAPTGOTTICATCCATATCATA

- TCs=T-Aq=gToAA-sATORTCACA: 2 == -C - AARTCTEACCACCEARRTATTCE TT TCATCCACATCATARR

- ETEARTEATOSTC TACTTOC TETE] TRTTEETTTCATOCACATCATARRACRETECTA

B) v

+ AT A F T A A T T G A A T AT A A A A T A A P A A A SCACFACT P ERA -G
+ | CATACTICCASAAASCICAGAICTIARCARTGACY. COTCTAMGEG GRG ATTATGA. STTITTIRASCIACA
+ ATEGCTACCETCAATEATE CAAAATCTCAGAPCTAACARCACTACCTC TARCTCATALE
+ AR T T AR A AT AT A T AR ST PR AR P AT TP T T ARTCY - TATYY
+ T A AT A A T A C A A A T A LA A T O CACA A PET A AR CPEAA AR PCACPAL
+ AT AT A R TAAG TG TR AT TAT R T TT ST RATCTAS  I7F
+
+
+
. tumor
+ :
+ BEAAACGTEA A -GTTAACA- EACTACCTCTAAGTCATACAATTATS TTTTTTTTY. - TETATATYT|
+ TR A T T A T T A A A T AT A LT CTAA ST A TAGAA T AT AT T TP T TT T TARTCTATATTY]
+ ATGTGARATGY - AACAR -GACTACCTCTAASTGS- AGAATTATGATTTTTTTTTARY - ATATTY]
+ GRTETTARCAATEACTACCTCTARGTEATA - AATTATEATTTTTTT TTARTETATATTT,
- TeTTAACAATGCCTcCCTCTAR  TERTAGA - TTATEATTTTTTTTTAATETATATTT:
¥ ARETTETATER TTTTTACCTAT - - CATACKTAGRARARTATCTARARTARCATATACC: * AREE-ETTAR
+ TTETATER TTTTTACCTATTACKTACKTAGAAARATATCTAARATARCATATACC  * AAGETETTARCAR
+ CCACATTTTTACCTATTACATACATAEARAARTATCTARRATARCRTATACC  * ARGCETETTARCANTEACTACCTC
+ ACATTT-TACCGA-TACAT TATCTAARATAACKTATACC * AAGETETTARCARTEACTACCIC
+ TEACCTA - TAC-TA- - F-GCAA- tTACCTA-AA - - AAATATACC * AAGETGTTAAAAATGACTACCTy -AAGTGR
+ ThaCTATTACATACAT TAT-TAARATAACKTATACC * AAGETETTARCAATEACTACCTCTARGTEATA
+ TACATACAT, TATCTAARATAACRTATACC * AMGETETTARCAATEACTACCTCTARGTEATAGAR - TA
- TATACE+*AAGCFCTRACAATGAL ACCYC A - F- A F-F-  FTPTTTT: Tt ¢ - 7|
n normal PCAGCEEEAATGS tegrAzAATALY
+ ETCAATEATCETCACATAL
-
+ ATCTTAGCA-ACTACR
-
+ ATCTTAGCACACYACATGECTE
-
+ AEARR TG AGATCTTAACARPGAC YA T TAACTGATA CAATTATCATTFTTTTTYAATCEATA - FF]
+ BTG tO5teaCAT 2 TCCARAAR £ 6TG- Ga -GPFAAL - - -GA- AL FCTAAGES- - - GA- o -ATGP. PTPPT
- ATTATAMCTTETATEAANCC.CATTTTTACCTATTACATACAT TATCTARAATAACATATACC * AMGET
TATAMETTETAT TTTTTACCTATTACATACAT TATCTARRATAACATATACC * AAGETET
- ATAACATATACE * AMGETETTAL - AMTEACTACCTCTAMETEATACAA T TATEXTTI TTITTI TAXTETATATTT
- T+ GAEAT, TTAACAATEACTACTCT AR CTEATAGAATTATEATTTTTTTTTAATETATATTT
- 65T -A-CA-TatCTOCTCTAR  TEATAGA - T- ATEATTTTTTTTT - ~TETATATTT,
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Supplementary Figure 8 Alignment of next-gen reads in both tumor (top panel) and normal
(bottom panel) of cell line COLO-829 at inter-chromosomal alteration spanning chrl1:16797227-
145856276 reported by Pleasance et al. A) Alignment centered at the first breakpoint
chrl:16797227. B) Alignment centered at the second breakpoint chr1:145856276

A) v

- CTTTeAs - TTT AR T T TTTTATTATACTITITIE T T TTETICIATIOOE TS * TTTTEETTTCTICTCAR
- CryPCcARFFTAN- AC o - FPPCTY - FAC - PP oo O c o FACCa T AA t oA AR e A Ara AR A AR T TEAAE
- cACF A A P A R A P A P A A P PTG A LA A T A T A ACCAGAACA AR AR TTAGA

- CogrBARATTTARRACTC - TT-TATTATAC TTETCTTTeT T AT TOOETTeC *TITTSETTICT TCTCART

STTCTATTOOET TR TITTRET TICTICTCARDREATI!
- tumor STTCTA-TOOSTTEC* TITTEETTICTICTCAADEEAT

+ ARRCAETETECAC T ARTATCATTT AR TTTEARATTTARRACTCTTTTTATTATACTITITTIGTCTTIET

+ ARCTETET e CACTTTARTATC - TTTCAR S CTIT 12 s ATTTAR: o CT* TTTTTATTATAC - TTTTTEICTIITE “ag

- AT AT T T AR TAT e TT T AR AT T AR AT TTAR R AT T TTTTATTATACT TITTTEICTITEITCTR

- G A T A T A P A A T TR A A TR AR A -+ P T A T A TR T TP T T PETACAAT

- TEa oA T T TARTAT O T T AR T T T EARATTTAR AR T T TITTATTATACT IT - TTETCT TTST ICTATT

- T AT T TARTAT O T T AR AT TTEA- ATTTAR A - TCTTTTTATTATACT ITITIGTCI TTST ICTATT norm al
- BT AT TT AR TAT e T T T AR AT T T AR A TTTAR R AT T - TTTATTATACTTITITETCT TTETTCIATTIC

- P - O A A A A PP A A A AR A PP TR R A AL -+ P TR P A P T T T T TG TACAA TTRAT
- AT TTAR T AT O TT T AR AT T TEARATTTARR AT T TTTITATTATACTTTTTTEICTITETICTATTOO:S

- AT TT AR TAT e T T T AR AT T T AR AT T TAR R AT T - TTTATTATACT ITTI TSI CI TTETICTATTOOE
- GCCAC - PR T A P A A A T A R PP A A PP T A PR PR T PTG P TG TACAATTOA L
- O AT T TARTAT e T TT AR - CTTT e AR AT TTARR AT CTTT TTATTATACTTTITIETCTTTETICTATICONET

B) v

+ CACCATARASEARECCCTCATOCAASEATAATET s TEETCATEACCCCTTTSECCASEACAETTT

+ AAEARECCCTCAT O AR SEATARTETETEETCATEACCOCTTTRECCAG - CASTTT

+ PTG TG TAGAATTGATCAAS = GAAGA A ARAA TTAGAAGCCETC - POPCACEATAA PEPETG - ~APGACT

+ PR T T P TS T PTG A GAA T GA TAA GCASA A CA AR AR A TTACAACCOCPCATCPEAGSA - AR - F

+ AARAAATTACAASCOSPCA PC P EAGGATAR PETETS - FCAPGACCOCPPCEE00A A - ACTTT

+ PTG T e TAGAA TTEATCAA A A AGAA A A AR TTAGARGCORTCA POT cACEATAR PCT - P CPCAT

+ AGCAGAAGAR AR TSR A SO SPCATC P A CEA TR PRSP T CA PEAC COC PP CEECCARGACACTTT

+ ETCTT TG TAGAATTEATCA R AGAAGAA AR AA TTACARGCCETCA PCTCACEA TAA PEPETGEPCATEACCOCT

+ tumor AR AR CETCA P P EAGEA TR PRSP CA PEACCCC T GEC CARGACARTTY

+ TTCTAGA A TTEA TR FCAGAASA A A AR A TTACA A OO PO A FC P A CCA TAA PEPCPEETCA PEACCOCTICES

+ AATTA ARG PCA T T CA A TA A PET - oA A CCC P PG CASGACA - TP

- CCAAGEATAATETETEETCATEACCOCTTTEECCABEACASTTT,
BECATAATETETEETCATEA -COCTTTSE0CAE - ACRETTT,

ETACSTATARTATECATTETARTCTE T ARATED - TCTETTCARTTETCACCATARREEAR  COCT - ATOCRR
0B ATARTATECATTETAMT T TCT AR TECT TS TTCAR T T TCACCATAR A BEARECDCTCATO AASER
BT TATE AT TET AT TCT AN e T T e T TCAATTE T AC A TA R B A RGO O TCATC A REEAT
AATATECATTETAATCTE - TCTARATE TTCTETTCARTTET A cOATARNSEA B TCATCr AR BEATARTS
TOTECT T AR A TECTTCT e T T AR T TET oA A TA R A S S AN BT A TO AL SR A TA R TETETEETCATEACD
PECTCTARAT. CTGC: - TF-ARToGoCACCATARAG A-c-a-T-AT-CA- GEATAAT o PEGT- - PEA-CaC
T TCTARATECCTCTSTTCARTTETCMCCAT - ARES - o COCTCAT -CANGEATART - -  TESTCATEA -£-CT
TECTCTARATED - TCTETTCA AT TETCA AT AR A EEAN SO TCATO AN SEATARTETETEET - ATEACCOT
ECTCTARATECTTCTSTTCA R TTETCACCATA R REEANECOCTOR 00 - - B8 - TARTET T8, TC- TEAC - -CTx
TAAMTECTTCTETTCAMTTETCR - - ATAA AR A B OO CTCAT oA A EATAMTETE TR TCATSACCCCTTTEED
CTTCTETTCA T TET oA AT A R B S AN BT A T O A BE A TA A TETETEETCATEACCOCTTTEEOCASER
TCTETTCAR TTET oA O TA R G EAN SO TR T AN SEATA R TETETEETCATEACCO T - - 00 1 (AT
TOTET TR TTETCA O T AR A S AN B OO T T AR S EATA T TETEETCATEACOO T TTEECCAEACRS
TETTCAAT - GTCACCATARMEEARECD T - TOCARG  ATAMTETETEETCATEACCDD - - TEECCREE - -ASTT
CCAT-AMEEARED-CT-A- -CR-GEATANTETE G55 ATEA-gCCT - TEEC- - (B2 -2G-TT,
normal AOCATARAGEA RGO TR T A G E AT AR TE TE TEE T A TEACOOCTTTEE0C - GEACAETTT,
CATAMMEEAREOCCTCATOC AR EEAT - MTET TR TCATEACCCCTTTEE0rMEE - C- 6TTT,
ATAAA EARECOCTCMTCCAREEA - AMT  TETES - - ATEACCCCTTT CCMEEACAE - TT,
TSRO TCA T O BEAT AN TS TE TR TCATEAC OO TTTEECrMEEACAETTT,
TTGETAGAATTGA ARG AR A AR AR A T CAAGCCET AT TGASEA - A - 5 - FIGETCATGACCLOTTCS
T T T A T T PTG A A A PTG PCAA G A CA A GAR AR A A TR CAACCCRYE - PPGAGEAY
+ TR EAATTEATCAR SOAGAA G A A A TTAGAAGACETCA - CTGCEEA - - AT P PG AT - C-CC -c0RG- o
+ AT TG T G A TTEATCAA GO AR FAA A A A A TTA R AR A PP EAGEA FA A PETCTGETCA
; TR GAATTEAT AR ;CA AR AR AR R A TR AR T TCATC TR A PAAPCTGTES - CATGACT
- AAEOOCT - ATCCARGEATARTETETES - CATEACOOCTTT /B00RE - - - BTTT,
+ AGCCETE- FOTEAGEA -ARTET - PEETCATGACCOCTTCGECCAGRACAR - -
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Supplementary Figure 9 Alignment of next-gen reads in both tumor (top panel) and normal
(bottom panel) of cell line COLO-829 at deletion spanning chr4:131181342-131224000 reported
by Pleasance et al. A) Alignment centered at the first breakpoint chr4:131181342. B) Alignment
centered at the second breakpoint chr4:131224000.

A) v

- €55 CTEEAT! TT: T TOCT!
- TEEoTAS C-ATTAz AT -a-ACAa-GCATCCTCEA- CTT-CO
- TG ATAS - -gAA - tC-GAG ATCCTRAG. - CTTG =1

AsAgcaTOC:AaEatT-TTG-TT-AG-TT! CTEOC TRRATECTEL TS

CCTAGTAGAGacA tu mor

CCTAGTAGAGACACA
TARATECTED CTEC!
T [ECTEC TECAAAC

TOCTARG-ETCT - o CoT-ABCTT]

T TCTTECTTTASCTT! TARATECTEC CTECARRCTES
ARGRET ~TTECTTTA CTTAEARCACTEOCRGRECR
ECTT! CTECC: TARATECTEL CTECARACTECRARCT
TTECTTTAGCTT! CTECC: TAR=TECTEC CTGC- 2o CTECRAR - -EETE
+ ACCCHRATEATCTT T] TGEAT! TT. T
+ T] OO TARATECTED
+ OO TARATECTEL
. \CTEOC] T [ECTEC ncARAR
+ CTEOC GARAATAR: TECTEL AACTECR:-CTE
+ OO TARATECTEL CTECARRCTED
- RAAQCC TGATCTT T T T \TT: T
RRCCC RATGA =T T} TGEAT! TT: T;
ACoC# 2 ATGATC - TAQEGAA = TEECTEE T 26ERC-TT] T;
4 TT: .T;
42 TEATCTT: TT: T;
TaRtGad- oo GG - oRATA--R--Fgdoo-ATAR-RRCA-AG
TC- - oGEAA - GEECTGEATASGACAT  AGCAATARGA - CAGAGCATCCTARGAGTCTTGE! CAGC
COTAAGEA - PAGGE CATTAGCA CARAGCATCCTAAGAGTCTTGL! ) normal

]

AT29€acATTAaRATAMGAAC:GA: Coa TCTT TASCTT!
AGEACA--AECAR-ARGA: - 6. \TOCTAATASTCTTECTT CTT! JCTE0C] T
TT; T TOCT? TCTTECTITAGCTT! CTECC] ARTRRR
ACATTAG BRI TOCT? TCTTECTTTAGCTT! CTECC] TARAT
JSCTT!

+ rr

- T ECTE]

- TATACKTECTECTTTATEE ARCTEAGET TATTT TCATEC T

- GCTTTAT - RECTE TATTT: TCR-GT T TATCRG-CRR

- TT-AgEECARCTE! TATTT! TCATE T TATCAETC

- TATEECARCTE: TATTT: TCATEC T TATCRETCARRECT

- GCTERE TATTT! TCATEC* Ao CAATC TATCRETC] TCATTGET

- TGAG +-TCTTT-£ECATATTTA 2 RRTCAT CARTCACAE- - TATCA TCR-3E-T-ATTSETT

- TCTTTTEECATATTT! TCATEC T TATCRETCS TCATTGSTTICNT

- TCTTTTEE - TATTTC TCATEC RACR- T TATCAETCARRECTCR - TEETTTCCTET

- TCRTEC T ETC:

- TTE:CaTATTTAL: TCA=TC: \TC] TA-CRETCARRECTC: TTSETTTOCT  TTC-CTA

- TEE-=TATTTAC ARaoT-ATy-*A-CRATC.CAG: -CT-T-A: - CARRECTCATTGETTTCCTETTOOCTAG

- TTefh-= o= RAAT-~TTC A= CR-TC. STC! AETRGR AR

- TCATEC T TATCAETC TCATTEETTTCCTETTOCCTAST T

- ARARCCaTRC T2 TATCRETC TCATTEETTTCCTETT TACT: TT

- TCRTEC T BTC: 5T: TTT:
- ATCATEC*A T2 TATCRETC TCATTEETTTCCTETT TAET! TTTAT
- TEC+OCT=TCS TATCHSTCARNECTCATT - GTTTCCTETTCCCTAGT: TTTATT
- o #Ro -RRTC: ~A; 50T TCA TCRRRECTCATT TTTATT
- T TATCAETCARMECTCA-T TTTATT
- T TATCAETC TCATT TTTATT ST
+ CATTATTA- - CATGCTECTTT- TSECA: - oGh g ARTCT -TT-GCA-ATTTACACACARAR -CATEC AACARTCA

+ ATECTECTTTATEGCAGCT s AG-As -CTTIT s GCATATTTACACACARAATCA - G * ANCAR - CaCo GO0 -ATC:

+ TTATEED] TCTTTTES-ATATTTA ATEC*AA-RATC] TATCASTC

+ TATGECAECT - AECARTCTTIT GCATATTT - -2CE-ARRATCAT CARCEA-C- R COCTAT- RCTCARRECT

+ normal T TCTTTT TATTT] TCATED T TAT SCTCAT

+ TATTT: CATEC: T2 CTATCAGTCAARGCTCAT -Go - - TOCTE-TCe-TAET

+ TCATES T 5T:

+ CATEC T TATCAETC TCATTEETTTCCTETTOCCTAST TTTATT




Supplementary Figure 10 Alignment of next-gen reads in both tumor (top panel) and normal
(bottom panel) of cell line COLO-829 at deletion spanning chr10:85512695-85513886 reported
by Pleasance et al. The deletion was also found in doSNP (rs71822308). A) Alignment centered
at the first breakpoint chr10:85512695. B) Alignment centered at the second breakpoint chr10:
85513886

A) v

+ TEACCTARATARATE TAATETETTTATETTTTEEARTATTCAACATASTETCANTTTT - CTCTC:
- GACCTARRE CTTTATST A CAATT - FCOTCTON
- ACCT- AATARATGEANAGS- -ATRATGTCT - -ATGY AACATA TETCAATTTPCCTCTOC
- ARATRART G- AACACATAATCT. TTTATCTTTTGGAATA - FCAACATAGTCT - AATTETCCTCTCCARACTEAR
- STTTATST 2aca CARPPPPCCTCTCCARACTEARTCARCTT
- ACA A TETLTIT TGT A3CA CARPPPRCCTCTC AR CTEAATCAACTTACTAAL tumor
- AATGTGTTTATSY BACA CAAYFPPCCYCTCCARACTFAATCAACTTACTAACARAL
- AT T A TG CAA A T A A CATA TG T AR PR O RO CCARACTGAATCAACTTA CTRRCARACAT
- TETTTATGT BACA AP PPCCTCTCCARAC TEAATCAAC T TACTAACARACATATT
- TETTTATGT BACA AP PPCCTCTCCARAC TEAATCAAC T TACTAACARACATATT
- TTTATGT BACH AR PP YT CARACTGAATCAACTTACTAACAAACATATICT
- TITATETTT G AATATT AACA CAATFEPCCE- < CTEAATCAACTTACTAACARACATATICT
- TRTGT BACA CAAPPPPCCYC TG CARACTRAA TCAACTTACTAACARACATATTCTTT
- TP P PO CA A A P CAA A PR PGP A PP CP T AR AL TGA AT AR T TACTAACAAACAT,
- PGoFs GEEATRTE At -AFAS: - -AAct (8-Ct - ToohaaCTEAATA CTTACTAACAACA EATTCTTY,
- ror 230 AR PPTTCCTCTCCARACTEAATCAACTTACTAACARACATATTCTTTAT
- 2aca AR PPTCCTC AR ACTEAATCAACTTA CTAACARACATATTCTTTATAATATE
- ARTATTCRACE AR PPTCCTC AR ACTEAATCAACTTA CTAACARACATATTC TTTATAATATETS
- AT A AT S S T AA T T P T CARA T GAA T A T A CT AR AR ACATA TTCTTTATAA T TCTETA
- TRTTCRACA CARATTTICCTCTCC CTEARTCAACTTACTRAL CATATTCTTTATAATATCTETA
- TaCAT -
- ATCTTTATAATAT A GTAAA
" be TAL-GTETTTATETTTTGEARTATTC - - - TAGTETCARTTTICCICARAT - <A =T
+ TT-TToc6s=AT=TTCARCATA - s TCA- TITTCC -CARATTARA - TACARECA 2 - AC= - TT-CAC
+ ATATTC -CATASTETCARTTTTCCTCAARTTARART, TACTACEATTTCT! TATCAAGARR
+ TIC TAETEICARTITT T TT] T CRAL TACT. \TTTCT TATC TT]
+ a TAST; CRATTTT T TT: /T TACT: \TTTCT: TATC TT:
+ TT-TCCTCAAATTARALT TACT: TTC-ACCEARA-ATCAMEAR - ATTACTTACAAATACK - ACC
+ TTCCTC TTc. T TACT: TTTCT: TATCRAGR TTAGTT! T
- TGACCTAART. TAATETETTTATETTTTESARTATTCAACATASTETCARTTTTCCTCT
- CTARAT TAATG-tg-- ATETTTTEEAATATICAACATACTETCARTTTTCCTCARRTT!
- TRAAT G ITATGT AACA CAAFTTTCCTCTCC OIS
- ATARAT TAATETETTTATETTTTEEARTATTCAACATAGTET - - ATTTTCCTCARRTTARART
- ARTCEARACACATARTC TP T ATCPTY  CEAATATPCAACATACTGT AR PPPRCCTCTCCARACTEAATCAAD
- TAATETETTTATGTTTT TATTC: TAGTGTCAATTTT T TT T GCA
- CTTTATGT AACH CAATTTTCCYCTCC CtGAATCRACETA normal
- ARAGAC STTTATST AACA CARPPPPCCTCTCCARACTEART A CTTAD
- TAATETETTTATE T TTTEeARTETTICAACATAGTETCARTTTTCTCARATTARARTACARECATACTA
- TAATGY - TTTATGT: - - -GAATATTCAAS- FAGTGTCAATTTOCE - to0ARACTEAATCARCTTACTAA aRac
- AATETGTTTATETTTTEGARTATTCAACATACTETCAATTTTOCTCAAATTARAAT! TACTACEATTTC
- rrrareT 2302 AR PO T AR A ST A TA ST TACTAA AR CATATTCT
- TTTE:A2T-TTCAMC:T-ET- TCRATTTICE TTAAAATA-AAE-A-A-TACAATTICT TATCR
- TTTGEAATATTC TAGTGTCAATTTT T TT Wy TACT: TTTCT: TATCR
- TIGEARTATTC TAGTETCRATTIT T TT] T TACT! TTTCT: TATCAR
- 230 AR TCCTC IO ARACT AR TCAA CTTAC £ ARCARACATATTCTTTATAAT]
= T ARCATAGTETCRATTIIT T T /T TACT. TTTCT: GARATATC TT]
- ACATAGTETCRRATTIT T T /T TACT. TTTCT TATC TTACTT
- B P B B T R R A R e P P S 8
B) v
A FTCARTTTTCCTCTCCARACTGAATCAACTTACTAACARACATATTL cTCAR
+ TCC T TCARCTTACT: ARAC TTCTTTATAATATCTET TT T TARTCS
- e TCCAAACTEARTCAACTTACTARCARACATATTL o
+ AT TTTCCTCTCCARACTEAATCAACTTACTAACAAACATATICTY ATA- TATCTCTRAAGT - -C0 - ~ARGE
. AR TR AT T T T A T T T TS EA A TA T A A TA ST T A AT T T T T O TCCAARCTEARTCAACTT AT A
+ CTTGEARTATTCARCATASTETCAATTTTCCTCPOCCARC - -ARTCAA - FFAC -AA-ARA-A-ATTC - FTATAR
+ AT T TG EAA A T CAACA TG T AR T T T CC T T CARAC AR PCAACTFACTAACAAACATATFCTT
+ T TGEARTA T A ACATA TG T TCC t CYCCAARCTCARTCAACTTA - FAACARACATAT - C- - TATR
+ tumor TOCA- ACTS- ATCAACTTACTAACAAACATATY TGTA- AGTTGCCTC - AGGCAR
- CAATTTICCTCTCCAARCTGARTCAACTTACTAACARACATATTL TCTAAAS TECCTCAAGSC
+ CTGEAATA T CAACA TG TG AR T T T T COTCECCAAACTG- APCRACTACTAACA - ACATATTCT - FATARTR
+ TETTTTGGAATATTCAACATA; TETCAAT T o T TC A - ACTEARTCAACTFTACTARCARACATACTG - FTA
- CCTCT CTEAATCARCTTACTI TATTCTTTATAATATCTET TT T T
- CTOCARACTEARTCRAACTTACT: TATTCTTTATAATATCTET TTECCT TARTCS
- CTOCARRCTE: 2T-2:CTTaTA TATTCTTTATAATATCTETARAETTEOCT TAATC
+ T TCTCT TT TATETCTTAT TATTT
+ TCTCT TT TATETCTTAT: TATTT Tai
+ TATETCTTAT: TATTT CTEAATCARCTTACTI
+ T-TE-CTTA ceas TATTT TCAg-TTACT-ACARA
+ TTAT: TATTT CTEARTC ‘TACT: TAT
+ TAT TATTT CTEAATCARCTTACTI TATTC
+ normal ac TTTC-AAA-TEAA-CARC: - ACZAMCAMA -RTATTC-~T=TA
+ TATTT CTEAATCARCTTACTI TATTCTTTAT:
+ TATTT CTEAATCARCTTACTI TATTCTTTATART:
+ TATTT CTGAARTCARCTTACT: TATTCTTTATARTATCTET ETTECC
+ TATTT CTEAATCARCTTACTI TATTCTTTATAATATCTET TT T
+ TATTT CTEAATCARCTTACTI TATTCTTTATAATATCTET TT T
+ TATTT CTERATCAACTTACT TATTCTTTATAATATCTET TT T
+ ATATTT-CA-ACTEARTCARC- -3 TATTCTTTATARTATCTGIARAET -GOCTCARG CARARTA
+ TTTCC CTEAATCARCTTACTI g T TT T TAATC
+ CTOC JCTEAATCAACTTALCT: T TT T TAATC
+ TCC CTEAATCARCTTACTI T cETT T TARTCS
+ AT AT T ST T A T T T TS A A T T T A TA G T T A AT T SO T T CARAC AR TCAACTRACTAR
- TEEAATATTCAACATAGTGTC TCCAAACTEARTCAACTTACTARCARACATATTL
. AR SACA TR T T T T T T T T aAA T A T CAA A TA T T AR TT T T OO TCTCCARACTAATCARCTTA
+ CCtcf--ARACTGAATCARC - TACTAACAAA ATA TCTTTATRATAT & TRAAGTY CC--AAGGCAARATAR
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Supplementary Figure 11 lllustration of soft-clipped and paired-end discordant mapping
signatures across SV breakpoints in short and long NGS reads.

e <——1long-read with soft-clipping
—f s <—short-read with PEM
— e < long-read with soft-clipping
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Supplementary Figure 12 An example of a validated somatic deletion in a repetitive region
detected by CREST. The 305bp somatic deletion (chr6: 66071321- 66071625) was found in
SJTALLOQ03. A) Soft-clipping pattern in whole-genome sequencing reads. The display uses the
same style as figure 1 in the main manuscript. B) Alignment of one of the soft-clipped reads in
A) (shown in magenta color) to the reference human genome
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Supplementary Figure 13 An example of a low-frequency 65bp somatic insertion that was co-
amplified with wild-type in sample SJTALLO12. The insertion was caused by replication of
131,091,641bp to 131,091,705bp on chromosome 5. The residues labeled at the bottom were
base calls from the secondary peak in the chromatogram. The arrows indicate the start position of
the insertion.
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Supplementary Figure 14 An example of a small somatic deletion detected by CREST. The
26bp somatic deletion (chrl:163486879-163486905) was found in SJTALLOO3. The bases
pointed by the arrows were manually decoded from the double-peak region. The bases labeled at
the top match the reference sequence while those at the bottom match the deletion 26bp away.

163486879 163486905
220 230 24 250 260 270
GGTGACAGGTGAGGTTAANNNNNNNNNCANNNNNNN NNNNNNTG NN

TCATGACCCA ATCACAC AC TAAGGAGCTG GA

| || lll.-.lll || || || || | III|I ' ﬂll L
Al L LT NG ._ AN ﬂ 'x._

,fTG GA CATCA TCTG GCA AG CA AT T GGG AGTA
163486905
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Supplementary Table 1

Summary of CREST SV analysis results and validation in five T-ALL samples.

CREST Prediction

Validated SVs

Sample Assayed Success
CTX ITX DEL INS INV Total CTX ITX DEL INS INV Total
SJTALLO02 6 9 8 6 0 29 28 6 7 8 4 0 25 89%
SJTALLOO3 15 3 8 4 0 30 28 13 3 7 3 0 26 93%
SITALLO11 6 5 2 3 1 17 18* 5 1 3 1 15 83%
SJTALLO12 5 6 4 2 0 17 17 3 3 2 0 13 76%
SITALLO13 4 2 4 7 0 17 16 1 3 4 0 10 63%
Total 36 25 26 22 1 110 89 31 19 22 16 1 89 83%

*Two pairs of breakpoints matching the two ends of an inversion were assayed
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Supplementary Table 2
Summary of CREST SV analysis results for COLO-829.

The sheet labeled SV includes all inter-chromosomal re-arrangements or intra-chromosomal SVs
spanning more than 500bp. The second sheet "Small_indels" include all indels less than 500bp.
The first four columns (ChrA, PosA , OrtA, #SC) show the chromosome, position, orientation
and number of soft-clipped reads observed at the first breakpoint. Column 5-8 (ChrB, PosB,
OrtB, #SC) show the chromosome, position, orientation and number of soft-clipped reads
observed at the second breakpoint. Column 9 (Type) defines the SV Type. Column 10,11 show
GSAV score and predicted SV type. 0 means not predicted by GSAV. Column 12, 13 shows the
gene names where the first and the second breakpoint is located, respectively. The entire
genomic regions are used to define overlap between gene and a SV.

21



Table 3. Experimental validation results of 20 novel SVs in COLO-829 identified by CREST.

ChrA, PosA and OrtA refer the chromosome, position, and orientation of the first breakpoint. ChrB, PosB and OrtB refer the
chromosome, position and orientation of the second breakpoint. The Lane# listed here corresponds to the lane# marked in
Supplementary Figure 3. The experiment also includes two known SVs as positive controls.

ChrAPosA OrtA ChrBPosB OrtB Type Verified Lane# Forward Primer Reverse Primer
Novel SVs by CREST
1 172599726 + 4 96089478 + CTX no 1 TTCAGCATTAATTGAAATGCTCATATGGTT AAGCAGAGCTTGCAGTGAGCCGAGATT
1 222849418 + 1 222852657 + DEL yes 2 TGCACTTTGCTTTATTGTGCCTTGCAGA TCTGTAGCATGCAATGCTGTTTGATAGC
3 25376069 + 10 60147227 + CTX yes 3 GTTCAGTGGTGATCTCCCCTTTATCA TGCAATGGTATTTCATGCAGCTACAAA
5 28823753 + 28998853 + DEL yes 4 GGACCCAGGGAATGAAGCATCAGGT CCCAGGAGCGCGGATGACTTTGA
6 26302010 - 26406921 + CTX yes 5 AAAGTCTCTCCCTTCAGGCCTGTCCTC GGGTTCATCTCACTAGGGAGTGCCAGA
6 65355103 + 15 19202028 - CTX yes 6 TCTTCCCGATCTTCTTTCCACCCTTG AGTCAAGCAGGGGGATCCCTTGAGA
7 150377590 + 15 82601729 + CTX yes 7 CACGGTGAGCTGACCTCCCTACCTAT TTTGGATCCTGAGAAAGGAAGGCTTAT
7 85691636 + 7 85682604 + INS yes 8 TGATCAATAGTGACAATCAGGTGTTCCA TGGTGAGTGCTCCATGGTTTCTACACT
7 110180568 + 7 110181697 + DEL yes 9 TGCTTTATAGGAAATGCTTGGTTGATGCTG GCGGTAAGCAGATGTGTATCTGTTCACTTA
7 125533359 + 7 125954137 + DEL yes 10 GAACCAAATGTCCCACCTCAAGGGACT CACCGCGCCCAGCCAACTATATAACA
7 143590165 + 7 143719727 + DEL yes 11 GGGAACTCTGCTGCCCATCTGAGAA CCCCAGAGCCCCATCCTGTCAATAA
10 7172882 + 19 17258637 + CTX yes 12 TGGAAATGTTTCATGCGTGACCATCAG GAGGTCACTCTTGTCGCCATCTTGGTA
10 60147428 + 12 70953341 - CTX no 13 TGAGTGGCAAGCCTGGTATGCTGTGTCT  AACCACCACGCAGGCGGGGACTC
11 80463250 + 11 80771428 + DEL yes 14 ACTTTGGGTTTGTTGTGCAGATGTCA TTTGGGATCAAGGGCATTGCCTAAACT
15 39415802 + 15 39408584 + INS yes 15 TAAATTTATGGCCGGGCATGGTG GGGTTATGAAATGGCACAGCTCAAGACA
18 9858617 - 10 7674379 + CTX yes 16 ATCTGCACACTGCATTGCCTCCCAATA CCTCCCCTCTATTTTCCTCTTTCCCCTAC
20 36708081 + 15 21257972 + CTX yes 17 CTCCTCATTCCACCAAACCAGTGCT TTTTCAAAACCATGAAGGAAAAGGAAAC
20 14936825 + 20 15056818 + DEL yes 18 TCAAATTCCCCTAGAAAAGAACTGGCTTTC AACAATTCTCGAAAATACCAGCCATCA
X 31211124 + X 31948671 + DEL yes 19 GGTGTTCTTTGAACCAAGTGGAGTCTGA TGGGTCAATTCGGTTGATTAACTTTGGA
X 32008454 + X 32111172 + DEL yes 20 GGCACCTCCTTCTGTAATCACAGTGTTGCT CACCAGGGAACTTCAACACCATCCAAG
Known SVs by Pleasance et al
10 7099517 - 19 17257810 - CTX yes 21 ACTGGGCATTCCAAACCTGCAAAGAG ATGAAAGGCATTTGGCTTCCCAGTTCC
17 7277162 + 17 7278457 + DEL yes 22 AAAATGTATATTAGGCCTGGTGCAGTGG CTGAGTCGTGGCAGGGAAAACACTTT
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Supplementary Table 4

Performance of CREST, BreakDancer GSAV and Pindel on detecting structural variations found
in NA12878 using simulated WGS data.

High Quality Simulation Normal Quality Simulation
SV Type
CREST BreakDancer GSAV Pindel CREST BreakDancer GSAV Pindel
DEL(n=642) 0.794 0.768 0.919 0.202 0.743 0.729 0.911 0.115
DUP (n=271) 0.675 0 0.712 0.155 0.613 0.011 0.701 0.085
All (n=913) 0.759 0.54 0.858 0.188 0.704 0.516 0.849 0.106
False 361 3389524 41 24 4407 3225728 107
Positives
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Supplementary Data 1

Comparison of CREST performance with other SV detection methods

To compare the performance of CREST with programs that implement the paired-end
discordant mapping (PEM) approach, we re-analyzed the T-ALL DNA sequencing data using
two programs that implement the PEM algorithm: BreakDancer? and GSAV?®. Using the default
parameters and retaining tumor-only SVs with scores > 30 and number of supporting read pairs >
3, BreakDancer predicts a total of 1,064 SVs, 27 (2.7%) of which are also found by CREST.
GSAV predicts a total of 5,880,492 SVs, 91 (0.0015%) of which overlap with the CREST
prediction including 76 validated SVs. For the 1,064 SVs predicted by BreakDancer, we ran a
post-process to evaluate the possibility that valid SVs detected by BreakDancer might have been
missed by CREST. The analysis first removes non-specific reads and then assembles the
remaining reads mapped to the breakpoint interval predicted by BreakDancer (details in Online
Methods). Aside from the 27 validated SVs, no additional SVs predicted by BreakDancer
survived this post-process. This comparison demonstrates not only the high false positive rate of
paired-end discordant-based methods, but also their inability to detect true SVs that can be
picked up using CREST. We speculate that longer read length (75bp to 100bp) coupled with the
ability to compute local alignments using mapping tools such as BWA may cause loss of the
paired-end discordance mapping signature for some of the SVs. Supplementary Fig. 11
illustrates this possibility by showing that PEM signature obtained from a short-read can be
replaced by soft-clipping signature of a long read for a DNA fragment cross a structural

variation.

24



The concept of using sequences that span breakpoints has been previously used to
identify insertion/deletion (indel) variations by the program Pindel®. To compare the
performance of Pindel with CREST, we re-analyzed the 5 T-ALL cases using a modified version
of Pindel which can directly use BAM files as input data. For each case, tumor and matched
normal data were analyzed together. Indels absent in the germline data were retained as putative
somatic events. A total of 425,963 putative somatic indels were identified, only 5 of which were
among the validated somatic SVs found by CREST. These five validated SVs included four
deletions ranging from 26bp to 1,398bp and one 26bp insertion, one of which is a 305bp deletion
that removes a repetitive ALU retrotransposon on chromosome 6 (Supplementary Fig. 12).

The lack of the consistency between Pindel and CREST is expected. Even though both
programs use reads across the breakpoints for variation detection, Pindel was designed for
identifying insertion/deletion variations while CREST was designed to detect gross structural
variations including inter-chromosomal translocations as well as non-indel intra-chromosomal
alterations such as inter-chromosomal translocations and inversions. The majority (58%) of the
validated SVs in the 5-TALL cases are these non-indel events which cannot be detected by
Pindel. Furthermore the majority of the indels found by CREST are gross insertions or deletions:
among the 36 validated indels, only 9 are less than 10kb in size, while 17 are larger than 1Mb,
and the longest is a 57Mb deletion. CREST was not designed for small indel detection because
mapping algorithms like BWA? are able to compute gapped alignments for the majority of NGS
reads with small indels up to 50bp, resulting in lack of soft-clipping signature for small indels
that are <50bp. On the other hand, Pindel is only able to compute indels within a specified

length. Increasing this length is expected to increase the probability of finding random hits that
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are likely to be false positive. Application of Pindel on finding indels >10kb was not reported by
Yeetal’.

In addition to small indel size, the >400K somatic indels predicted by Pindel of the five
T-ALL tumors far exceed the estimated 562 to 1,125 somatic indels ascertained from the
background mutation rate of pediatric cancer (details in Online Methods). This suggests that the
vast majority of the predictions are false positives. Some of false positive somatic indels are
caused by false negative prediction of the matching germline sample because approximately 12%
of the “somatic” indels predicted by Pindels match the germline indels detected by our indel
analysis pipeline (data not shown). To verify the projected error rate, we reviewed the first 100
>100bp deletions of chromosome 1 from the sample SJTALL002 from a total of 13,401 >100bp
somatic deletions predicted by Pindel across the five tumors. The deletions range in size from
101bp to 8,120bp. 37 deletions are of germline origin as soft-clipped reads are present in both
tumor and matching normal. The remaining deletions do not have soft-clipped reads. They
include a) 22 overlapping deletions ranging in size from 339 to 1,019bp located within a 1,233bp
centromeric region of chr1:121,186,883-121,185,650 with >10,000 fold coverage in both tumor
and normal; b) 38 deletions in regions with multiple simple tandem repeats (STR) and/or
polynucleotide repeats which are prone to alignment artifacts; and c) 3 deletions predicted to be
of size 669bp, 4,395bp and 6,778bp but have 1-2bp small indel at one of the breakpoints (in both
tumor and normal) instead with no evidence for the predicted larger deletions in either tumor or
normal based on SNP array or NGS sequence coverage. In summary, false negative germline
prediction, false positive calls in repetitive regions such as STR, polynucleotide repeats,

centromere and alignment error of small indels attributed to the false positive call of these 100
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>100bp somatic deletions predicted by Pindel, confirming the high error rate projected from the
background somatic mutation rate in pediatric cancer.

The concept of using sequences that span SV breakpoints has been previously used to
identify altered mRNAs. Maher et al® demonstrated the feasibility of identifying chimeric
transcripts through an integrated analysis of long (>200bp) and short (36bp) reads where the long
reads serve as a template for SV breakpoint discovery. However, this group later’ considered
paired-end mapping for chimeric transcript detection superior to the single-end, long-read
(100bp) approach because the split-read method generated a higher number of SVs that could not
be validated by paired-end mapping. The experience by Maher et al® shows that identification of
soft-clipping signature alone is not sufficient for accurate detection of structure variations. To
filter false positive soft-clipping signature, CREST requires presence of soft-clipping signatures
across both sides of a SV detected through an iterative approach of assembly-mapping-
searching-assembly-alignment. In fact, over 99% of the soft-clipped sites identified in the first

step of the algorithm get filtered by this process.

27



Supplementary Data 2
SV analysis in melanoma cancer cell line COLO-829 by CREST

To further assess the performance of CREST, we applied it to a published whole-genome
sequencing dataset from the metastatic melanoma cancer cell line COLO-829". Using a paired-
end discordant mapping method® the published analysis reported 37 validated SVs'. By
comparison, CREST identified 76 SVs (Supplementary Table 2) including 26 of the 37
reported SVs. Of the 11 reported SVs that were not identified by CREST, 6 were found to have
soft-clipped reads in the matching normal sample COLO-829BL, including 2 that have been
reported as germline deletions in dbSNP (rs72415809 and rs71822308). Importantly, with the
exception of one deletion that had a very low frequency (1.7%) in both tumor and normal, the
frequency of the other soft-clipping reads in the germline sample ranged from 17% to 42%
(Supplementary Table 2 and Supplementary Figs. 5-10), strongly supporting the
interpretation that these SVs are germline variants.

CREST identified 50 additional SVs that were not reported by Pleasance et al*, 34 of
which were either inter-chromosomal translocations, or >500bp intra-chromosomal alterations
(Supplementary Table 2). We selected 20 of the novel SVs and 2 known SVs for direct
validation using PCR amplification of DNA extracted from the COLO-829 cell line followed by
Sanger sequencing. Eighteen of the 20 novel SVs had PCR product of the predicted size
(Supplementary Fig. 3a), and were confirmed to represent the SV breakpoints by Sanger
sequencing (Supplementary Fig. 3b-d, Supplementary Fig. 4). The validated SVs include 7
CTX, 9 DEL and 2 INS. Interestingly, one validated novel SV has breakpoints of

chrl0:7172882(+), chrl19:17258637(+) (Supplementary Fig. 3e) and upon initial inspection
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appears to form a reciprocal translocation with a known SV with the two breakpoints of
chr10:7099517(-), chr19:17257810(-). However, the layout and the orientation of the breakpoints
of these two SVs show that this rearrangement will result in an insertion of a 73kb segment on
chromosome 10 between 7099517-7172882bp to chromosome 19. Therefore, it is an inter-
chromosomal insertion rather than a reciprocal translocation. The remaining six validated CTX

are unbalanced inter-chromosomal translocations based on the current analysis.
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Supplementary Data 3
Simulation study for assessing CREST false negative rate in finding germline indels

To provide an assessment of false negative rate of CREST on identifying germline SV
polymorphisms, simulated whole-genome sequencing data were generated using validated copy
number variations (i.e. deletions, duplications and insertions) compiled as a gold standard data
set for NA12878, one of the individuals whose germline structural variations were characterized
extensively by the 1000 Genomes Project (Mills et al). NA12878 was sequenced at an average of
42x coverage using three sequencing platforms (lllumia/Solexa, Roche/454 and Life
Technologies/SOLID) and analyzed by 19 SV detection methods, 12 of which were evaluated for
their sensitivity in detecting deletion polymorphisms. Two sets of whole-genome, 40x simulation
data were generated to model the library construction, error distribution and mapping rate of the
empirical Illumina sequencing data of the 10 ALL whole-genome sequencing data reported in
this study. Details are described in preparation of simulated whole-genome sequencing data for

NA12878 in Online Methods.

We ran CREST, BreakDancer, GSAV on the simulated WGS data sets using the default

parameters. Pindel was downloaded from https://trac.nbic.nl/pindel/wiki/UserManual. The

search range for Pindel was set to 9 (e.g. maximum SV size to be 2,071,552) because none of the
germline SVs in NA12878 is longer than 2MB. BreakDancer output was supplied as one of the
input parameters.

Since pair-end mapping can only infer the approximate location of the SV breakpoints, a
SV predicted by BreakDancer or GSAV within 220bp of a known SV was considered a match. A
much more stringent criterion (+/-20bp) was used to define a match between a SV predicted by

CREST and a known SV because CREST is expected to generate SV breakpoints at base-pair
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resolution. The results (Supplementary Table 4) show that CREST was able to predict 70-76%
of the SVs identified in NA12878 compared to 53-56% of the prediction rate by BreakDancer.
Furthermore, the false positive rate in CREST is very low (3% of the total calls) and do not vary
between the high-quality and normal quality simulation. By contrast, BreakDancer has a very
high false positive rate (43%) even using high-quality simulation data. In normal-quality
simulation, the number of false positive calls increased by 10-fold resulting in a 91% false
positive rate. GSAV has the highest sensitivity of 85-86%; however, the over 3 million false SVs
in each simulation indicate an extremely high false positive rate. Pindel has the highest false
negative rate as it only found 19% and 11% of the known SVs while the number of false positive

calls 2-4 times of that of CREST.
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Supplementary Discussion
Limitations of CREST and Comparison of CREST with Genome STRIiP

Although CREST provides a significant improvement over standard paired-end
approaches for identifying SVs, it is unable to robustly identify all SVs under the following three
circumstances. a) SV breakpoints located at highly repetitive DNA sequences or within tandem
duplications of the reference genome. This will result in loss of both the soft-clipping and mate-
pair discordant mapping signature. b) Rearrangements that have target site duplications (also
known as microhomology) or non-template insertions at the breakpoints that are of similar or
longer length than a single NGS read. Identification of non-template insertions longer than the
NGS reads will require de-novo assembly for constructing contigs that include both the
insertions as well as their flanking reference sequences. CREST is able to find soft-clipping
signatures at the flanking reference sequences but the two breakpoints cannot be connected by a
single NGS read. ¢) SV breakpoints in regions with low quality sequences or low sequence
coverage. False negative rate for CREST is dependent on how often structural variations occur
in these regions which may vary dramatically from one sample to the other. One potential
improvement for CREST is to combine soft-clipped reads with PEM reads for SV detection,
which may increase its sensitivity in regions with low or poor sequence coverage.

Compared with the other three samples, SJTALL012 and SJTALLO13 had a lower
validation rate (Supplementary Table 1). In these two samples, over 50% of un-validated SVs
are INS or ITX that have breakpoints within 500bp. We speculate that the decreased validation
rate may be related to the following two reasons: a) failure to obtain a mutant-only PCR product
since both the wild-type and the mutant allele are amplified by the primers and a low-frequency

mutant allele may not be detectable by Sanger sequencing (Supplementary Fig. 13); and b) ITX
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within a small region may be caused by artifact during library preparation. In this study, the
majority (85%) of the 55 validated inter-chnromosomal SVs are gross alterations spanning longer
than 500bp. The longest is a 57Mb deletion in STTALL013 which was also detected as a somatic
deletion on analysis of single nucleotide polymorphism (SNP) microarray data as a somatic
deletion (data not shown). Though small indels below 100bp can be found by CREST
(Supplementary Figs.13 and 14), it is not a tool designed for such analysis as alignment
artifacts in small indels usually require a more accurate alignment algorithm (such as the Smith-
Waterman algorithm®) for correction. Furthermore, new mapping algorithms such as BWA?® can
compute gapped alignments for indels up to 53bp, resulting in loss of the soft-clipping signature

in these regions.
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Recently Handsaker et al'® developed a new method, Genome STRiP, which uses
population footprint to reduce false discovery of germline polymorphic deletion caused by
chimeric clones, read depth variation, and alignment artifact in repetitive regions of Next-
generation sequencing. Genome STRIP is able to achieve high accuracy based on three
population signatures: a) coherence around shared alleles; b) heterogeneity in population and c)
allele substitution. Its sensitivity, however, is highly dependent on allele frequency in a
population which ranges from a low of 30% for low-frequency (1%) deletions to a high of 80%

for high-frequency (>15%) events

Genome STRIP is optimized for germline polymorphism analysis; however, these
optimizations are unlikely to be applicable for detecting somatically acquired structural
variations in cancer genome. Specifically, almost all somatically acquired structural variations
are “incoherent”, i.e. SV breakpoints are unique in each individual tumor even though the same
gene is targeted in multiple tumors. For examples, the breakpoints for the highly recurrent BCR-
ABL1 rearrangement in chronic myeloid leukaemia are dispersed** and none of 89 somatic SVs
detected in the five T-ALL cases share the same breakpoint. Similarly, allele substitution
assumes allele segregation in a population which does not apply for a cancer genome. On the
other hand, a highly selected oncogenic mutant allele in a specific tumor may have the same
mutant allele present in all tumors; thereby violating the rule of population heterogeneity.
Although there has not been such a report for somatic structural variation, the result derived from
single-nucleotide variations shows the most important oncogenic event can be missed if we rule

out such a possibility. For example, amino acid G12 of the oncogene KRAS is mutated almost
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universally in all (95%) pancreatic tumors*?. Furthermore, Genome STRIiP was designed for
finding only deletions. It is not able to find SVs that are inter-chromosomal translocations, intra-
chromosomal translocations, inversions and amplifications; thereby can miss critical oncogenic

fusion proteins such as BCR-ABL and ETV6-RUNX1 that are caused by non-deletion events.

In contrast, CREST does not rely on population signature for reducing false positive
calls. The iterative approach of assembly-mapping-searching-assembly-alignment that requires
consistent signature at the two breakpoints removes the artifacts associated with the soft-clipping
signature. In addition, the option for running paired tumor-normal analysis not only identifies
somatically acquired SVs, it also filters systematic errors in library construction and alignment

artifacts that are present in both tumor and matching normal.
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